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Description
BACKGROUND

[0001] The present invention relates generally to
breathing devices and, more particularly, to a uniquely-
configured nasal mask which is specifically adapted to
provide improved sealing to the nasal area of a patient
in order to enhance the treatment of certain respiratory
conditions.

[0002] The use of a breathing apparatus upon respi-
ratory-impaired patients is well known. Generally, such
apparatuses assist in patient breathing by allowing prop-
er exchange of inhaled and exhaled gas while providing
pressurized gasses to the patient’s lungs so as to prevent
lung collapse during breathing. In one embodiment, such
breathing apparatuses allow spontaneous breathing of
the patient while sustaining the application of continuous
positive airway pressure (CPAP) to the patient’s lungs.
CPAP therapy functions primarily to establish an open
airway in the patient by delivering continuous flow of gas-
ses such as humidified oxygen in combination with other
gasses.

[0003] CPAP devices typically include a gas source
such as a blower unit which is connected to the user
interface by a tubing member such as a gas supply tube.
The user interface can be configured for invasive or non-
invasive CPAP therapy. For invasive CPAP therapy, gas
may be delivered to the patient via a tracheal tube or a
pair of nasopharyngeal prongs. For non-invasive CPAP
therapy, gas may be delivered to the patient via a con-
ventional nasal mask or a pair of nasal prongs. In either
configuration, gas is ideally delivered to the patient at a
constant and stable pressure.

[0004] Both the nasal mask and nasal prongs are spe-
cifically configured to deliver a flow of pressurized gas to
the nasal area of the patient. With nasal prongs, pressu-
rized gas is preferably directed into the patient’s nostrils
through a pair of nostril-engaging prongs or stems which
are typically configured to anatomically conform to the
interior of the patient’s nostrils. Nasal masks as conven-
tionally known are generally triangularly-shaped and,
ideally, are sized and configured to substantially enve-
lope and seal around the patient’s nose.

[0005] The ability to supply pressurized gas to the air-
ways of the patient on a constant basis and at a stable
pressure is critical in the effectiveness of CPAP ventila-
tion. The ability to provide constant CPAP therapy is es-
pecially important in treating certain respiratory condi-
tions in neonate and infants such as respiratory distress
syndrome (RDS). Nasal CPAP therapy is proven as an
effective treatment for RSD by developing and restoring
functional respiratory capacity through the supply of con-
stant pressure to the neonates airway. Furthermore, na-
sal CPAP is one of the more easily-administered and one
of the best-tolerated respiratory treatment methods
amongst infants.

[0006] Unfortunately, despite it effectiveness, conven-
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tional nasal masks and nasal prongs possess certain de-
ficiencies which detract from their overall utility. One of
the most common deficiencies associated with conven-
tional nasal CPAP is improper administration thereof due
to poor sealing of nasal masks and nasal prongs at the
patient. The improper administration of nasal CPAP can
result in serious injuries and complications when misap-
plied over extended periods of time. For example, nasal
masks, and/or nasal prongs may be secured to the pa-
tient using a system of straps which are secured around
the patient's head in order to maintain position of the
nasal mask and/or nasal prongs against the patient’s
nose such that a proper seal is maintained.

[0007] If adjusted too tightly, the straps can create ex-
cessive pressure against the patient’s face which is par-
ticularly problematic for nasal prongs. More particularly,
if the straps are adjusted too tightly around the patient’s
head, the nasal prongs may be forced upwardly into the
patient’s nostrils which can resultin irritation of the tender
mucus tissue lining the patient’s nostrils. Over extended
periods of time (i.e. hours up to days), excessive pressure
exerted by nasal prongs against the nasal septum can
cause septal erosion as well as cause damage to the
lateral walls of the nostrils. In addition, prolonged use of
ill-fitting nasal prongs can result in nasal flaring, nasal
snubbing and other injuries. An overly-tightened nasal
mask can also result in similar nasal trauma including
the above-mentioned injury associated with septal ero-
sion.

[0008] As was earlier mentioned, the ability to apply
CPAP therapy at a constant pressure over extended pe-
riods of time is critical in treating certain patients such as
premature infants who are especially prone to RDS. The
above-mentioned problems associated with an overly-
tightened nasal mask or nasal prongs may result from
an attempt by caregivers (e.g., family members, nurses)
to provide an effective seal against the patient’s face to
prevent leakage of gas. As is well known in the art, ex-
cessively low pressure at the patient can drastically re-
duce the effectiveness of CPAP therapy.

[0009] Low pressure at the patient can result from
leaks as a result of improper fitment or positioning of the
nasal mask and/or nasal prongs against the patient.
Leaks can also be generated at the patient as a result of
normal patient movement. The ability to provide leak-free
sealing can also result from the relatively wide range of
facial structures and sizes amongst different patents and
the limited number of commercially-available mask con-
figurations that can accommodate the different facial
structures and sizes. Leakage can also be a result from
normal patient movements. In particular, infants who
make frequent jerking and shaking movements as a part
of their physical development can cause difficulty in main-
taining a comfortable and leak-free seal of a nasal mask
or nasal prongs.

[0010] As can be seen, there exists a need in the art
for a nasal mask and/or nasal prongs that can provide
an effective seal against the patient’s face without ex-
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cessive leakage. Furthermore, there exists a need in the
art for a nasal mask which provides such effective sealing
without the imposition of undue pressure against the pa-
tient’s face. Additionally, there exists a need in the art for
a nasal mask capable of anatomically conforming to a
wide range of facial structures and sizes without leakage.
Finally, there exists a need in the art for a nasal mask
which is of simple construction, low cost and which is
conveniently installable and which maintains a leak-free
seal despite normal patient movement.

BRIEF SUMMARY

[0011] The present invention specifically addresses
and alleviates the above-referenced deficiencies asso-
ciated with nasal masks and nasal prongs of the prior art.
More particularly, the present invention is an integrated
nasal mask which is adapted for delivering gas to a pa-
tient with reduced risk of leakage. More specifically, the
integrated nasal mask combines a mask body with a pair
of nostril-engaging stems. The invention is defined by
the appended claim 1. In an example, the mask body is
generally triangularly-shaped and includes a nasal open-
ing which is sized and configured to substantially enve-
lope and seal against a patient’s nose.

[0012] The nostril-engaging stems extend outwardly
from the nasal cavity and are configured to sealingly en-
gage opposing sides of the patient’s nostrils. Each one
of the nostril-engaging stems defines a fluid passageway
which is adapted for delivering gas to the patient’s nose
as well as providing a pathway for exhaled gasses during
the exhalation phase of the breathing cycle.

[0013] The nasal mask includes a mask shoulder
which has a generally tapering wall thickness in order to
increase its ability to conform to the patient’s facial struc-
ture. The mask shoulder extends around a periphery of
the nasal opening. The mask body also includes a mask
base wall and mask sidewalls which extend outwardly
from the mask base wall. The mask sidewalls may also
have a tapering wall thickness such that the mask body
may better conform to the patient’s face.

[0014] Additionally, the mask shoulderincludes a seal-
ing flange extending therearound and includes a pair of
flapper portions disposed on opposing sides of the mask
body and which are integrated into the sealing flange.
Each one of the flapper portions is preferably configured
to sealingly engage opposing exterior sides of the pa-
tient’s nose in an area adjacent the patient’s nostrils.
[0015] Each one of the nostril-engaging stems has
proximal and distal ends with the proximal end being en-
gaged to the nasal cavity. The distal end terminates at a
flare portion which is sized and configured to sealingly
engage the patient’s nostrils. Each one of the stems may
further include a bulb portion located adjacent to the flare
portion and which is configured to facilitate lateral deflec-
tion of the flare portion in order to better conform to dif-
ferent nostril spacings between different patients. Lateral
deflection of the flare portion is also facilitated by an an-
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nular notch formed on one of opposing ends of the bulb
portion located adjacent to the flare portion and which is
configured to facilitate lateral deflection of the flare por-
tion in order to better conform to different nostril spacings
between different patients. Lateral deflection of the flare
portion is also facilitated by an annular notch formed on
one of opposing ends of the bulb portion to allow the bulb
portion to act as a bellows and further facilitate relative
movement of the flare portion to better conform to the
inner anatomical structure of the patient’s nostrils.
[0016] The nasal mask may be adapted to be engage-
able to a universal interface having a well portion wherein
an interface portion of the nasal mask may frictionally
engage the well portion. The universal interface prefer-
ably includes a pair of spaced patient ports which are
sized and configured to be insertable into the fluid pas-
sageways defined by the nostril-engaging stems. The
universal interface is preferably adapted to enhance
CPAP therapy to the patient when used with a standard
ventilator. More specifically, the universal interface acts
as a flow generator which is adapted to reduce the work
of breathing during CPAP therapy using areduced supply
gas pressure.

[0017] The universal interface that may be used with
the nasal mask is similar to that which is disclosed in U.S.
Patent Application Serial No. 11/241,303 entitled VEN-
TURJGEOMETRY DESIGN FOR FLOW-GENERATOR
PATIENT CIRCUIT, filed September 30, 2005 by Du-
quette et al., due to its internal geometry, the universal
interface minimizes pressure resistance during the inha-
lation and exhalation phases of breathing.

[0018] US Published Patent Application
2007/0089749 (Ho et al) describes a patient interface
with a pair of nasal pillows of a particular design for de-
livery of a gas to a patient.

[0019] US Patent 6644315 (Ziaee, published in No-
vember 2003) describes a nasal mask with a resiliently
deformable interface member to form a seal between the
mask and a patient’s face. US Published Patent Appli-
cation 2004/0182398 (Sprinkle et al) describes a nasal
mask with a cushion having a tongue which fits into a
cap in the shell of the mask.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and other features and advantages of
the various embodiments disclosed herein will be better
understood with respect to the following description and
drawings, in which like numbers refer to like parts
throughout, and in which:

Figure 1is a frontal view of an integrated nasal mask
as installed on a patient and comprising a mask body
and pair of nostril-engaging stems;

Figure 2 is a side view of the nasal mask illustrating
the pair of nostril- engaging stems engaged to the
nares of the patient and further illustrating the mask
body engaged to and encircling the patient’s nose;
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Figure 3 is an exploded perspective view of an ex-
emplary embodiment of a universal interface to
which the integrated nasal mask may be engaged;
Figure 4 is a perspective view of the integrated nasal
mask illustrating the triangular shape of the mask
body;

Figure 5 is a perspective view of an aft side of the
nasal mask illustrating an interface portion thereof
configured to engage the universal interface illustrat-
ed in Fig. 3 and illustrating the mask body being se-
cured to interface portion by a connecting web;
Figure 6 is a front view of the nasal mask illustrating
a nasal opening defining an entrance to a nasal cav-
ity and through which the pair of nostril engaging
stems protrude;

Figure 7 is an aft view of the nasal mask illustrating
a pair of fluid passageways which extend through
the nostril-engaging stems and which terminate at
the interface portion on one end;

Figure 8 is a side view of the nasal mask illustrating
a contour formed in the mask body for conforming
to a normal facial structure of a patient;

Figure 9 is a cross-sectional view taken along lines
9-9 of Figure 7 and illustrating the geometry of the
nostril-engaging stems including a bulb portion tran-
sitioning into a flare portion; and

Figure 10is a cross-sectional view of the nasal mask
taken along lines 10-10 of Figure 8 and further illus-
trating a decreasing wall thickness of the mask body
from a mask side wall through the mask shoulder
and terminating at a sealing flange.

DETAILED DESCRIPTION

[0021] Referring now to the drawings wherein the
showings are for purposes of illustrating preferred em-
bodiments of the present invention and not for purposes
of limiting the same, shown in the figures is an integrated
nasal mask 10 specifically adapted for delivering gas to
a patient with improved sealing effectiveness around the
patient’s nose. In its broadest sense, the integrated nasal
mask 10 comprises a mask body 18 configured to enve-
lope a patient’s nose and a pair of nostril-engaging stems
54 sized and configured to sealingly engage with the pa-
tient’s nostrils.

[0022] Advantageously, the nasal mask 10 is suitable
for providing various forms of respiratory therapy includ-
ing nasal CPAP therapy. For example, as illustrated in
Figures 1-3, the nasal mask 10 may be configured to be
interchangeably or removably mountable to a universal
interface 100 such as may be fitted with a supply tube
144 and a pressure tube 142 extending outwardly from
opposed sides of the universal interface 100 and extend-
ing around the patient’s head. In this regard, the universal
interface 100 may be adapted to provide CPAP therapy
to the patient when the interface is used with a standard
ventilator.

[0023] In an exemplary embodiment, the universal in-
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terface 100 may be similar to that which is disclosed and
illustrated in the above-mentioned U.S. Patent Applica-
tion Serial No. 11/241,303 entitled VENTURI GEOME-
TRY DESIGNED FOR FLOW-GENERATOR PATIENT
CIRCUIT. The universal interface 100 disclosed in the
Duquette reference is configured to increase efficiency
and reduce the work of breathing by the patient by re-
ducing the required supply pressure in providing a con-
stant positive pressure within the patient’s airway. Fur-
thermore, as mentioned above, the universal interface
100 disclosed in the Duquette reference is specifically
configured to minimize pressure resistance during inha-
lation and exhalation phases of breathing.

[0024] As illustrated in Fig. 3, the universal interface
100 may include an interface body 102 having a supply
fitting 136 and a pressure fitting 140 disposed on opposed
sides of the interface body 102. Each of the supply and
pressure fittings 136, 140 may include a flange 138 to
facilitate connection thereof to the interface body 102.
Figures 1-2 illustrate a supply tube 144 extending from
the supply fitting 136 on one side of the universalinterface
100 to supply gas from a gas source 146 to the patient.
Apressure tube 142 may also be extended from the pres-
sure fitting 140 on the opposing side of the universal in-
terface 100 and is provided to allow for a means of meas-
uring pressure at the patient during breathing.

[0025] Such pressure measurement may be facilitated
by apressure transducer or other pressure measurement
device. The interface body 102 may include a spaced
pair of breathing passageways 110 having a correspond-
ing pair of supply passageways 130 fluidly connected
thereto and having a pair of exhalation passageways flu-
idly connected to the breathing passageways 110. Each
one of the breathing passageways 110 in the universal
interface 100 is comprised of a patient passageway 114
that terminates at a patient port 112 disposed near a well
portion 104 of the universal interface 100 as illustrated
in Figure 3.

[0026] The patient passageway 114 supplies gas to
the patientwhile exhalation passageways expel gas from
the patient during the expiration phase of the breathing
cycle. The patient passageways 114 are interconnected
to a supply manifold 126 via the corresponding pair of
supply passageways 130. The supply manifold 126 splits
fluid flow from the supply tube 144 into each of the patient
passageways 114. The interface body 102 includes a
pressure manifold 120 which exits at an exhalation port
134 and which allows for pressure measurement at the
patient. The pressure passageway 124 extends from the
pressure port 122 to a well opening 118 formed in the
wellportion 104 ofthe universal interface 100. The patient
ports 112 allow pressure measurement at the patientdue
to the inclusion of an opposing pair of interface slots 116
which are disposed and positioned complimentary to a
corresponding mask slot 14 formed in an interface portion
12 of the nasal mask 10.

[0027] The various functional aspects of the interface
body 102 (i.e., pressure manifold 120, supply manifold
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126, exhalation manifold 132, breathing passageways
110) are preferably integrally formed in the interface body
102. In addition, the well sidewalls 106 and well basewall
108 which collectively define the well opening 118 are
also preferably integrally formed with the interface body
102 as are the patient ports 112 which extend outwardly
from the well basewall 108 and into which the fluid pas-
sageways 60 of the nasal mask 10 are insertable.
[0028] Referring to Fig. 3, in one embodiment, the na-
sal mask 10 is preferably configured to be removably
engageable to the universal interface 100 such as via
frictional fit of a patient portion 16 of the nasal mask 10
within the well portion 104 of the universal interface 100.
However, it should be noted that the nasal mask 10 may
be used in conjunction with alternative embodiments of
the universalinterface 100 other than that which is shown
in Figure 3. Furthermore, itis contemplated that the pres-
sure and supply tubes 142, 144 illustrated as extending
from the universal interface 100 in Figures 1 and 2 may
be directly coupled to the nasal mask 10.

[0029] Referring now more particularly to Figures 4-6,
the nasal mask 10 may optionally include the interface
portion 12 which includes the pair of fluid passageways
60 into which are inserted the corresponding pair of pa-
tient ports 112 of the universal interface 100. In this re-
gard, the interface portion 12 of the nasal mask 10 may
have a generally rectangular shape formed complimen-
tary to the generally rectangular shape of the well opening
118. Optionally, the interface portion 12 may include a
step on upper and/or lower sides of the interface portion
12 to facilitate engagement of the nasal mask 10 to the
universal interface 100.

[0030] Referring briefly to Figure 7, shown is a front
view of the interface portion 12 illustrating the pair of fluid
passageways 60 which are preferably configured com-
plimentary to (i.e., in spacing and diameter) of the patient
ports 112 extending from the well opening 118 of the
universal interface 100. Also preferably included in the
interface portion 12 of the nasal mask 10 is a mask slot
14 which is configured complimentary to the pair of in-
terface slots 116 formed in respective ones of the patient
ports 112 of the universal interface 100. The interface
slots 116 and mask slot 14 cooperate to allow exhaled
gas to flow into the exhalation manifold 132 of the uni-
versal interface 100 for measurement thereof as is de-
scribed in greater detail in U.S. Patent Application Serial
No. 11/241,303 entitled VENTURI GEOMETRY DESIGN
FOR FLOW-GENERATOR PATIENT CIRCUIT.

[0031] Referring briefly to Figure 4, shown is a per-
spective view of a front side of the nasal mask 10 illus-
trating the mask body 18 which defines a nasal cavity 48
into which the patient’s nose is adapted to fit. Further
included in the integrated nasal mask 10 is at least one
and, more preferably, the pair of generally elongate nos-
tril-engaging stems 54 which extend outwardly from the
nasal cavity 48. Each one of the stems 54 defines the
above-mentioned fluid passageway 60 which is adapted
for delivering gas to the patient’'s nose and through which
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exhaled gas may be expelled.

[0032] Advantageously, the unique combination of the
nasal mask 10 integrated with the nostril-engaging stems
54 provides a redundant sealing mechanism. More par-
ticularly, the combination of the mask body 18 sealing
around the periphery of the patient’s nose with the nostril-
engaging stems 54 sealingly engaging the patient’s
nares prevents complete loss of sealing when one of the
mask body 18 or nostril-engaging stems 54 becomes dis-
lodged. For example, when the integrated nasal mask
10 is worn by a sleeper with active sleep patterns, the
nostril-engaging stem 54 maintains sealing engagement
with the patient’s nares despite dislodgment of the mask
body 18 from the periphery of the patient’s nose as may
occur if the nasal mask 10 contacts a pillow or other ob-
stacle as a result of restlessness of the patient.

[0033] Referringstillto Figure 4,the maskbody 18 may
define a generally triangular shape having three corners
34 and may include a nasal opening 42 which is prefer-
ably sized and configured to substantially envelope a pa-
tient’'s nose. In this regard, it is contemplated that the
mask body 18 may be provided in a variety of different
sizes and shapes in order to accommodate a variety of
patients with differing facial structures and differing sizes.
For example, the nasal mask 10 may be provided in a
range of sized to fit neonates up to adults.

[0034] Furthermore, it is contemplated that the nasal
cavity 48 is provideable in a variety of sizes in order to
fit differing nose structures such that the tip of the pa-
tient’'s nose does not come into contact with the nasal
cavity 48. By providing the mask body 18 in a variety of
sizes, proper fit and sealing engagement of the mask
body 18 is possible without overly tightening the mask
which can result in the above-described nasal trauma
and patient discomfort.

[0035] Referringto Figures 4-6, the mask body 18 pref-
erably includes a mask shoulder 28 which extends along
a periphery of the nasal opening 42. The mask shoulder
28 has a generally curved cross-sectional shape extend-
ing upwardly from a mask sidewall 24. The mask body
18 further comprises a mask basewall 26 best seen in
Figure 5 and from which the mask sidewalls 24 extend.
The mask basewall 26 is interconnected to the interface
portion 12 of the nasal mask 10 by means of a connecting
web 52 which is formed as a generally wedge-shaped
structure having a generally hollow configuration as best
seen in Figure 9.

[0036] Referring more particularly to Figure 9, the con-
necting web 52 has a generally thickened wall structure
in relation to the wall thickness 32 at the mask shoulder
28. Furthermore, the connecting web 52 may include a
generally curved or convex-shaped upper wall having a
lateral notch formed thereacross in order to facilitate flex-
ing of the connecting web 52. By configuring the con-
necting web 52 to possess a certain degree of flexibility,
tilting movement of the interface portion 12 relative to the
mask sidewall 24 and mask shoulder 28 is facilitated.
[0037] Such tilting movement may be the result of up-
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and-down movement of the user interface or as a result
of pulling or tugging on the pressure and/or supply tubes
142, 144 illustrated in Figures 1 and 2. The capability of
the interface portion to move relative to the mask shoul-
der 28 minimizes the risk of loss of sealing engagement
of the nasal mask 10. In addition, the connecting web 52
minimizes the risk of patient injury as a result of undue
pressure of the nasal mask 10 on the patient’s face.
[0038] For example, an upwardly-directed force im-
posed on the universal interface 100 may result in pres-
sure points exerted by the corner 34 or apex 36 at the
upper end 20 of the nasal mask 10 upon the patient’s
nasal bridge. In extreme cases, this excessive pressure
may lead to contusions or other injuries over time. In an-
other example, a downwardly directed force applied at
the universalinterface 100 may place excessive pressure
of a lower end 22 of the mask body 18 on the patient’s
nasal septum which can lead to septal erosion over time.
However, by providing a degree of flexibility to the con-
necting web 52, rotational movement of the interface por-
tion 12 relative to the mask shoulder 28 is allowed which
thereby minimizes the placement of excessive pressure
on the patient’s face.

[0039] Referring now particularly to Figure 8, shown is
the mask body 18 wherein the mask shoulder 28 is pref-
erably configured to anatomically conform to the contour
of the patient’s face. In this regard, the mask shoulder
28 may be provided with a protrusion 38 area and de-
pression 40 area to accommodate the slightly protruding
cheek portion adjacent the patient’s nose on either side
thereof. In this regard, the protrusion 38 and depression
40 are adapted to minimize pressure points of the nasal
mask 10 on the patient’s face. Optionally, the protrusion
38 and/or depression 40 areas of the mask shoulder 28
may be either entirely eliminated or may be biased toward
one of upper and lower ends 20, 22 of the mask body 18.
[0040] Referringnow to Figures9-10, shown are cross-
sectional views of the nasal mask 10 illustrating the gen-
erally tapering wall thickness 32 from the mask sidewalls
24 to the mask shoulder 28 which terminates at a sealing
flange 30 extending around the mask shoulder 28. The
ability of the mask body 18 to conform to the patient’s
facial structure is further enhanced by tailoring the local
wall thickness 32 as illustrated in Figures 9 and 10 such
that the mask shoulder 28 and sealing flange 30 better
accommodate facial features. Furthermore, the tapering
wall thickness 32 provides a cushioning effect which en-
hances patient comfort.

[0041] Although shown as a gradual taper from the
mask sidewalls 24 to the sealing flange 30, it is contem-
plated that the reducing wall thickness 32 may be pro-
vided in step form. Conformal sealing of the nasal mask
10 is enhanced by tailoring the wall thickness 32 to pro-
vide a desired degree of flexibility to the mask shoulder
28 for better sealing. The nasal cavity 48 is preferably
sized to completely contain or envelope the patient’s
nose with sufficient clearance with the patient’s nose tip.
However, the geometry of the mask is also preferably
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configured to minimize dead space to better facilitate re-
moval of CO, from the nasal cavity 48 during the patient’s
exhalation phase.

[0042] Referring briefly now to Figure 6, shown is a
pair of flapper portions 44 of the sealing flange 30 which
are disposed on opposing sides of the mask body 18.
The flapper portions 44 are specifically configured to
sealingly engage opposing sides of the patient’s nose.
More specifically, each one of the flapper portions 44 is
configured to engage an area on an exterior of the pa-
tient’s nostrils which, for many patients, generally defines
a recessed area of the nose. In this regard, the flapper
portions 44 and the nose cutout 46 partially defined by
the flapper portions 44 may prevent air leakage caused
by malpositioning or unwanted movement of the univer-
sal interface 100 and which can result in eye irritation as
a result of pressurized gas leaking around the nostrils or
nasal bridge and flowing into the patient’s eyes. Each of
the flapper portions 44 defines a nose cutout 46 formed
in the nasal opening 42 of the sealing flange 30. The
nose cutout 46 is adapted to conform to the nasal bridge
of the patient and to allow sealing engagement therebe-
tween.

[0043] Referring briefly now to Figure 9, structural in-
tegrity and rigidity of the device is facilitated by means
of reinforcing elements 50 or beads disposed locally
along an inner corner of the nasal cavity 48 at the junction
of the mask sidewall 24 and mask basewall 26. The re-
inforcing elements 50 maintain the lateral orientation of
the mask sidewall 24 relative to the mask basewall 26
and prevent collapse of the mask basewall 26 under the
pressure of the nasal mask 10 exerted against the pa-
tient’s face. In this regard, the reinforcing elements 50
and the relative wall thicknesses 32 of the mask sidewall
24 and basewall 26 allow slight compression of the mask
shoulder 28 against the patient’s face and accommodate
mask-shifting as a result of patient movement. In this
regard, the mask body 18 is preferably configured to elim-
inate the development of pressure points against the pa-
tient’s face while minimizing leakage between the mask
shoulder 28 and patient’s face.

[0044] Referringmore particularly now to Figures 8-10,
each of the nostril-engaging stems 54 defines a stem
axis A. The mask shoulder 28 generally defines a sealing
plane C or sealing contour with the stem axis A being
preferably oriented in non-perpendicular relation to the
sealing plane C or contour. Although the stem axes A
are generally oriented non-perpendicularly relative to the
sealing plane C, it is contemplated herein that the inter-
face portion 12 and, hence, the nostril-engaging stems
54 are positionable in any orientation relative to the seal-
ing plane C.

[0045] Each one of the nostril-engaging stems 54 gen-
erally has a proximal end 58 and a distal end 56. The
proximal end 58 of each of the stems 54 extends upward-
ly from the interface portion 12 as best seen in Figure 9.
The distal end 56 includes a flare portion 74 which is
preferably sized and configured to sealingly engage the
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patient’s nostril. More specifically, each one of the nostril-
engaging stems 54 preferably includes a bulb portion 72
located adjacent to the flare portion 74 and which is sized
and configured to facilitate lateral deflection of the nostril-
engaging stem 54 for better sealing fit with a variety of
patients. In this regard, the combination of the bulb por-
tion 72 and the flare portion 74 act as a bellows such that
the distal end 56 of the stem 54 may move laterally rel-
ative to the proximal end 58.

[0046] The bulb portion 72 may facilitate axial move-
ment of the distal end 56 of the stem 54 by partially ex-
panding and/or partially collapsing on one or opposing
sides of the bulb portion 72 in order to provide some
degree of flexibility in the spacing of the patient’s nostrils
from patient-to-patient. In this regard, the bulb portion 72
may facilitate fitment of the stems 54 to patients having
nostrils of varying depth. The ability of the bulb portion
72 to allow lateral and/or axial movement of the stems
54 is further facilitated by the annular notch 70 formed
on at least one of opposing ends of the bulb portion 72
as shown in Figures 9 and 10. The annular notch 70
induces lateral bending of the bulb portion 72 thereabout
such that the flare portion 74 may better sealingly engage
the patient’s nostril.

[0047] Regarding the relative length of the nostril-en-
gaging stems 54, it is contemplated that the distal end
56 of each of the stems 54 terminates generally adjacent
the sealing plane C or sealing contour of the mask body
18 as best seenin Figure 10. However, the relative length
of the stems 54 from the tapered base portion 64 to the
flare portion 74 is preferably such that the stems 54 may
be anchored and sealingly-engaged to the nostrils with-
out overly-tightening the nasal mask 10 against the pa-
tient’s face. In addition, the stems 54 are preferably of a
length sufficient to minimize the risk of irritation of the
patient’s nostrils. In this regard, the nasal mask 10 is
preferably formed of aresilient deformable biocompatible
polymeric material such as silicon rubber which exhibits
favorable flexibility characteristics in order to provide a
conformal fit to the patient’s facial and nasal contours
with an even distribution of pressure at the stems 54 and
mask shoulder 28.

[0048] Referring still to Figures 9-10, it can be seen
that the nostril-engaging stems 54 each define the fluid
passageway. At the proximal end 58 of the nostril-en-
gaging stem, the fluid passageway 60 may have a gen-
erally cylindrical configuration which transitions into a ta-
per section 66 wherein the inner diameter of the fluid
passageway 60 reduces to a cylindrical section 68. A
second taper section 66 may be provided toward the dis-
tal end 56 of the nostril-engaging stem 54 and which ul-
timately transitions into the bulb portion 72 before termi-
nating at the flare portion 74. Each of the nostril-engaging
stems 54 is extended outwardly from the interface portion
12 and defines a gap 62 between an exterior surface of
the nostril-engaging stem 54 and the interface portion 12
of the nasal mask 10. The gap 62 may further facilitate
lateral movement of the nostril-engaging stems 54 in or-
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der to allow conformance to different nostril spacings
from patient-to-patient.

[0049] Although the nasal mask 10 may be used with
avariety of respiratory treatments, it is contemplated that
the mask body 18 and stems 54 are specifically config-
ured to collectively provide CPAP therapy to the patient
at a supply pressure of up to approximately 117.68 mbar
(120cm of H,0) and at a flow rate of up to approximately
12 liters per minute. However, it should be noted that the
integrated mask body 18 and stems 54 may be config-
ured to supply any pressure at any flow rate dependent
upon the particular application of respiratory treatment.
[0050] The operation of the integrated nasal mask 10
will now be described with reference to the figures. The
nasal mask 10 may be provided as a combination of the
mask body 18 and the pair of nostril-engaging stems 54.
The mask body 18 is preferably sized and configured to
substantially envelope a patient’s nose and seal therea-
gainst. Likewise, the nostril-engaging stems 54 are pref-
erably sized and configured to sealingly engage the pa-
tient’s nostrils. The nasal mask 10 may further include
the interface portion 12 which is preferably sized and
configured to frictionally fit within the well portion 104 of
the universal interface 100. As can be seen in Figure 3,
the interface portion 12 includes a pair of patient ports
112 which are each sized and configured to be insertable
into the fluid passageways 60 formed in the nasal mask
10 when the user interface is positioned within the well
portion 104.

[0051] Both the pressure and supply tubes 140, 144
as illustrated in Figures 1-2 may then be connected to
respective ones of the pressure and supply fittings 140,
136 located on opposed sides of the interface body 102.
A source of pressurized gas 146 may be supplied to the
patient via the pressure tube 142 which then flows into
the supply manifold 126 of the interface body 102. Pres-
sure transducers may be placed in fluid communication
with the pressure tube 142 such that pressure may be
monitored at the patient airway.

[0052] The combination nasal mask 10 and universal
interface 100 may be mounted to the patient as illustrated
in Figures 1 and 2. The nasal mask 10 is preferably po-
sitioned to anatomically conform to the patient’s face and,
as was mentioned above, to substantially envelope and
seal around a perimeter of the patient’s nose. Likewise,
the nasal mask 10 is preferably positioned on the pa-
tient’s face such that the nostril-engaging stems 54 an-
atomically conform to and are placed in sealing engage-
ment with the patient’s nostrils.

[0053] Care should be taken to ensure that excessive
pressure is not exerted upon the patient’s septum via the
lower end 22 of the mask body 18. Likewise, care should
be taken to ensure that the nostril-engaging stems 54
are not inserted too far up into the patient’s nostrils to
cause patient discomfort which, over prolonged periods
of time, may result in nasal trauma nasal snubbing. Like-
wise, the mask shoulder 28 is preferably positioned
around the patient’s nasal bridge to prevent the formation
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of contusions as a result of excessive pressure applied
thereto.

[0054] Once properly positioned on a patient’s face
such that sealing engagement is provided at the mask
shoulder 28 as well as at the nostril-engaging stems 54,
pressurized gas may be supplied to the patient via the
supply tube 144 at the supply port 128. The pressure is
supplied to the patient’s airway via the nostril-engaging
stems 54 and/or the mask body 18. The pressure is pref-
erably provided at greater-than-atmospheric pressure to
facilitate spontaneous breathing in the patient. During
the inspiration phase, the patient may draw in air at the
patient passageways 114 of the universal interface 100.
The patient passageways 114 are, in turn, directly con-
nected to corresponding ones of the supply passage-
ways 130in the universal interface 100. Due to the unique
geometry within the interior of the universaliinterface 100,
minimal supplies pressure is required to provide the de-
sired amount of patient pressure at the patient ports 112.
[0055] During the inspiratory portion of the breathing
cycle, intake of breathing gas and/or atmospheric air is
provided through the fluid passageways 60 of the nostril-
engaging stems 54, depending on the integrity of the seal
between the stems 54 (i.e., the flare portions 74) and the
patient’s nostrils such that the pressurized gas is deliv-
ered through the patient’s nose. In the event that the nos-
tril-engaging stems 54 fail to completely seal against the
patient’s nostrils, the flow of pressurized gas through the
fluid passageways 60 is maintained within the nasal cav-
ity 48 of the mask body 18 by the sealing engagement
of the mask shoulder 28 to the patient’s face.

[0056] During the expiratory phase of the breathing cy-
cle, gas (i.e., CO,) that is to be exhausted from the pa-
tient’s lungs is preferably directed into the fluid passage-
ways 60 of the nostril-engaging stems 54 where it may
exit the exhalation passageways of the universal inter-
face 100. In the event that the sealing engagement of
the nostril-engaging stems 54 is compromised, exhaled
gas which does not flow directly into the fluid passage-
ways 60 of the stems 54 may enter the nasal cavity 48
where it is eventually expelled via the nostril-engaging
stems 54.

[0057] By specifically configuring the mask body 18 to
minimize dead space (i.e., minimize the internal volume
of the nasal cavity 48) in addition to optimizing the length
of the nostril-engaging stems 54, the nasal mask 10 re-
duces exhalation resistance. In this regard, the nasal
mask 10 reduces the work of breathing by the patient.
Furthermore, because of the redundant sealing features
(i.e., the nasal mask 10 enveloping the patient’s nose
and the nostril-engaging stems 54 engaging the patient’s
nostrils), the risks posed by inadequate pressure at the
patient as well as the risk of other health complications
resulting from improper fitment of the nasal mask 10 is
reduced.

[0058] The above description is given by way of exam-
ple, and not limitation. Given the above disclosure, one
skilled in the art could devise variations that are within
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the scope of the invention disclosed herein. Furthermore,
the various features of the embodiments disclosed herein
can be used alone, or in varying combinations with each
other and are not intended to be limited to the specific
combination described herein. Thus, the scope of the
claims is not to be limited by the illustrated embodiments.

Claims

1. Anintegrated nasal mask (10) adapted for delivering
gas to a patient, the nasal mask (10) comprising:

a mask body (18) defining a nasal cavity (48),
the mask body (18) comprising a mask baseball
(26), a mask sidewall (24) extending from the
mask basewall, and beads (50) disposed on an
inner surface of the mask body (18) and extend-
ing between the mask basewall and the mask
sidewall, the beads (50) configured to prevent
collapse of the mask basewall;

an interface portion (12) coupled with said mask
body via a connecting web (52) having a lateral
notch formed across an upper wall such that said
connecting web can flex and allow said interface
portion (12) to move relative to said mask body;
and

at least one elongate hollow nostril-engaging
stem (54) extending outwardly from the nasal
cavity and defining a fluid passageway for de-
livering gas a nose of a patient.

2. The nasal mask of Claim 1, wherein:

the mask body includes a nasal opening sized
and configured to substantially envelope a pa-
tient’s nose.

3. The nasal mask of Claim 2, wherein:

the mask body incudes a mask shoulder extend-
ing along a periphery of the nasal opening; and
the mask shoulder being configured to anatom-
ically conform to a face of the patient.

4. The nasal mask of Claim 3, wherein the mask side-
wall extends outwardly from the mask basewall, the
mask sidewall having a reducing wall thickness
along a direction from the mask basewall to the mask
shoulder such thatthe mask shoulderis conformable
to the patient’s face.

5. The nasal mask of Claim 4, wherein:

the mask shoulder includes a sealing flange ex-
tending therearound; and

the sealing flange including a pair of flapper por-
tions disposed on opposing sides of the mask
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body and being configured tosealingly engage
opposing sides of the patient’s nose.

The nasal mask of Claim 4, further including a pair
of the nostril-engaging stems wherein each one of
the stems has a proximal end extending from the
nasal cavity and a free distal end having a flare por-
tion sized and configured to sealingly engage the
patient’s nostril.

The nasal mask of Claim 6, wherein each one of the
stems further includes a bulb portion located adja-
cent the flare portion and being sized and configured
to facilitate lateral deflection of the flare portion.

The nasal mask of Claim 4, wherein:

the stem defines a stem axis;

the mask shoulder generally defining a sealing
plane; and

the stem axis being oriented in non-perpendic-
ular relation to the sealing plane.

The nasal mask of Claim 6, wherein a distal end of
the stem terminates adjacent the sealing plane.

The nasal mask of Claim 1, wherein the mask body
and stem are configured to collectively provide con-
tinuous positive airway pressure (CPAP) to the pa-
tient at a supply pressure of no greater than approx-
imately 120 cm H20 and a flow rate of up to approx-
imately 12 liters per minute.

The nasal mask of Claim 1, wherein the nasal mask
is adapted to be engageable to a universal interface
having a pair of patient ports,

and the atleast one elongate hollow nostril-engaging
stembeing sealingly engageable to the patient ports.

The nasal mask of Claim 11, wherein the universal
interface comprises: an interface body having a
spaced pair of breathing passageways extending
therethrough and being fluidly connected to the pa-
tient ports with a corresponding pair of supply pas-
sageways;

wherein:

each one of the breathing passageways is com-
prised of a patient passageway adapted to sup-
ply gas to the patient and intersecting an exha-
lation passageway adapted to expel gas from
the patient;

each one of the supply passageways being ax-
ially aligned with a corresponding one of the pa-
tient passageways and being configured to in-
troduce pressurized gas thereinto.

The nasal mask of Claim 11, wherein:
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the universal interface and nasal mask are
adapted to provide continuous positive airway
pressure (CPAP) to the patient;

the universal interface being configured to op-
erate at a supply pressure of no greater than
approximately 117.68 mbar (120cm of H20) and
provide a flow rate of up to approximately 12
liters per minute.

Patentanspriiche

Integrierte Nasenmaske (10), die sich fur die Zufuhr
von Gas an einen Patienten eignet, wobei die Na-
senmaske (10) folgendes umfasst:

einen Maskenkaorper (18), der eine Nasenkavitat
(48) definiert, wobei der Maskenkdrper (18) eine
Maskengrundwand (26), eine Maskenseiten-
wand (24), die sich von der Maskengrundwand
(26) erstreckt, und Wulstréander (50) umfasst,
die an einer inneren Oberflache des Masken-
koérpers (18) angeordnet sind und sich zwischen
der Maskengrundwand und der Maskenseiten-
wand erstrecken, wobei die Wulstrander (50) so
gestaltet sind, dass sie ein Zusammenfallen der
Maskengrundwand verhindern;

einen Schnittstellenabschnitt (12), der mit dem
genannten Maskenkdrper Uber eine Verbin-
dungsbahn (52) mit einer lateralen Kerbe ge-
koppelt ist, die tGber eine obere Wand ausgebil-
det ist, so dass sich die genannte Verbindungs-
bahn biegen kann und es ermdglichen kann,
dass sich der genannte Schnittstellenabschnitt
(12) im Verhaltnis zu dem genannten Masken-
kérper bewegt; und

wenigstens einen elongierten, hohlen, mit den
Nasenléchern eingreifenden Schaft (54), der
sich von der Nasenkavitat auswarts erstreckt
und einen Fluiddurchgang fur die Zufuhr von
Gas an eine Nase eines Patienten definiert.

2. Nasenmaske nach Anspruch 1, wobei:

der Maskenkorper eine Nasendffnung aufweist,
die so bemessen und gestaltet ist, dass sie eine
Nase eines Patienten im Wesentlichen um-
schliefdt.

Nasenmaske nach Anspruch 2, wobei:

der Maskenkdrper eine Maskenschulter auf-
weist, die sich entlang einer Peripherie der Na-
senoffnung erstreckt; und

die Maskenschulter so gestaltet ist, dass sie
anatomisch miteinem Gesichtdes Patienten zu-
sammenpasst.
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Nasenmaske nach Anspruch 3, wobei sich die Mas-
kenseitenwand von der Nasengrundwand auswarts
erstreckt, wobei die Maskenseitenwand in eine Rich-
tung von der Maskengrundwand zu der Masken-
schulter eine sich verringernde Wanddicke aufweist,
sodass die Maskenschulter an das Patientengesicht
anpassbar ist.

Nasenmaske nach Anspruch 4, wobei:

die Maskenschulter einen Dichtungsflansch
aufweist, der sich dort herum erstreckt; und wo-
bei

der Dichtungsflansch ein Paar von Prallplatten-
abschnitten aufweist, die an entgegengesetzten
Seiten des Maskenkdrpers angeordnet sind und
so gestaltet sind, dass sie abdichtend mit ent-
gegengesetzten Seiten der Patientennase ein-
greifen.

Nasenmaske nach Anspruch 4, wobei diese ferner
ein Paar von mit den Nasenl6chern eingreifenden
Schaften aufweist, wobei jeder der Schafte ein pro-
ximales Ende aufweist, das sich von der Nasenka-
vitat erstreckt, und ein freies distales Ende miteinem
Bordelabschnitt, der so bemessen und gestaltet ist,
dass er abdichtend mit den Nasenléchern des Pati-
enten eingreift. Anbei das alles

Nasenmaske nach Anspruch 6, wobei jeder der
Schéfte ferner einen Knollenabschnitt aufweist, der
angrenzend an den Bordelabschnitt angeordnet ist
und so bemessen und gestaltet ist, dass er eine la-
terale Ablenkung des Bérdelabschnitts erleichtert.

Nasenmaske nach Anspruch 4, wobei:

der Schaft eine Schaftachse definiert;

die Maskenschulter allgemein eine Dichtungs-
ebene definiert; und

die Schaftachse nicht senkrecht zu der Dich-
tungsebene ausgerichtet ist.

Nasenmaske nach Anspruch 6, wobei ein distales
Ende des Schafts angrenzend an die Dichtungse-
bene endet.

Nasenmaske nach Anspruch 1, wobei der Masken-
kérper und der Schaft so gestaltet sind, dass sie kol-
lektiv eine Spontanatmung mit dauerhaftem Uber-
druck (Continuous Positive Airway Pressure, CPAP)
fur den Patienten mit einem Zufuhrdruck von nicht
mehr als ungefdhr 120 cmH20 und einer Stro-
mungsgeschwindigkeit von bis zu ungeféhr 12 Litern
pro Minute bereitstellen.

Nasenmaske nach Anspruch 1, wobei die Nasen-
maske geeignet ist, um mit einer universellen
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Schnittstelle eingreifbar zu sein, die ein Paar von
Patientenanschliissen aufweist;

und wobei der wenigstens eine elongierte, hohle, mit
den Nasenldchern eingreifende Schaft abdichtend
mit den Patientenanschlissen eingreifen kann.

Nasenmaske nach Anspruch 11, wobei die univer-
selle Schnittstelle folgendes umfasst: einen Schnitt-
stellenkdrper mit einem beabstandeten Paar von At-
mungsdurchgéngen, die sich dort hindurch erstre-
cken und sich in Fluidverbindung mit den Patienten-
anschlissen mit einem entsprechenden Paar von
Zufuhrdurchgéngen befinden;

wobei:

jeder der Atmungsdurchgénge einen Patienten-
durchgang umfasst, der dem Patienten Gas zu-
fihren kann und einen Exhalationsdurchgang
schneidet, der Gas von dem Patienten aussto-
Ren kann;

jeder der Zufuhrdurchgé@nge mit einem entspre-
chenden Patientendurchgang axial ausgerich-
tet und so gestaltet ist, dass er in diesen unter
Druck stehendes Gas einfiihrt.

Nasenmaske nach Anspruch 11, wobei:

die universelle Schnittstelle und die Nasenmas-
ke eine Spontanatmung mit dauerhaftem Uber-
druck (Continuous Positive Airway Pressure,
CPAP) fir den Patienten bereitstellen kdnnen;
die universelle Schnittstelle so gestaltetist, dass
sie mit einem Zufuhrdruck von nicht mehr als
ungefahr 117,68 mbar (120 cmH20) betrieben
wird und eine Strémungsgeschwindigkeit von
bis zu ungefahr 12 Litern pro Minute bereitstellt.

Revendications

1.

Masque nasal (10) intégré congu pour administrer
du gaz a un patient, le masque nasal (10)
comprenant :

un corps (18) de masque définissant une cavité
nasale (48), le corps (18) de masque, compre-
nant une paroi de base (26) de masque, une
paroi latérale (24) de masque s’étendant a partir
de la paroide base de masque, etdes bourrelets
(50) disposés sur une surface interne du corps
(18) de masque et s’étendant entre la paroi de
base de masque et la paroi latérale de masque,
les bourrelets (50) étant congus pour empécher
I'effondrement de la paroi de base de masque ;
une partie d’interface (12) couplée audit corps
de masque par I'intermédiaire d’'une nervure de
connexion (52) ayant une encoche latérale for-
mée a travers une paroi supérieure de sorte que
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ladite nervure de connexion puisse fléchir et per-
mettre a ladite partie d’interface (12) de se dé-
placer par rapport audit corps de masque ; et
au moins une tige (54) creuse allongée venant
en contact avec la narine s’étendant vers I'ex-
térieur a partir de la cavité nasale et définissant
un passage pour fluide permettant d’administrer
du gaz au nez d’un patient.

2. Masque nasal selon la revendication 1 :

le corps de masque comprenant une ouverture
nasale dimensionnée et congue pour envelop-
per sensiblement le nez d’'un patient.

Masque nasal selon la revendication 2 :

le corps de masque comprenant un épaulement
de masque s’étendant le long d’une périphérie
de l'ouverture nasale ; et

I'épaulement de masque étant congu pour pren-
dre anatomiquement la forme du visage du pa-
tient.

Masque nasal selon la revendication 3, la paroi la-
térale de masque s’étendant vers I'extérieur a partir
de la paroi de base de masque, la paroi latérale de
masque ayant une épaisseur de paroi diminuant le
long d’'une direction entre la paroi de base de mas-
que et I'épaulement de masque de sorte que I'épau-
lementde masque puisse prendre laforme du visage
du patient.

Masque nasal selon la revendication 4 :

I'épaulement de masque comprenant une bride
d’étanchéité qui s’étend tout autour ; et

la bride d’étanchéité comprenant une paire de
parties clapets disposées sur des cotés oppo-
sés du corps de masque et étant congues pour
venir au contact de maniéere étanche avec des
cbtés opposés du nez du patient.

Masque nasal selon la revendication 4, comprenant
en outre une paire de tiges venant au contact de la
narine, chaque tige ayant une extrémité proximale
s'étendant a partir de la cavité nasale et une extré-
mité distale libre ayant une partie évasée dimension-
née et congue pour venir au contact de maniére étan-
che avec la narine du patient.

Masque nasal selon la revendication 6, chaque tige
comprenant en outre une partie bulbe située a coté
de la partie évasée et étant dimensionnée et congue
de sorte a permettre la déviation latérale de la partie
évasée.

Masque nasal selon la revendication 4 :
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la tige définissant un axe de tige ;
I'’épaulement de masque définissant générale-
ment un plan d’étanchéité ; et

I'axe de tige étant orienté dans une relation non
perpendiculaire par rapport au plan d’étanchéi-
té.

Masque nasal selon la revendication 6, une extré-
mité distale de la tige se terminant prés du plan
d’étanchéité.

Masque nasal selon la revendication 1, le corps de
masque et la tige étant congus pour fournir collecti-
vement une pression des voies respiratoires positive
continue (CPAP) au patient a une pression d’alimen-
tation ne dépassant pas environ 120 cm H20 et un
débit maximal d’environ 12 litres par minute.

Masque nasal selon la revendication 1, le masque
nasal étant congu pour étre mis en prise avec une
interface universelle ayantune paire d’orifices de pa-
tient,

et 'au moins une tige creuse allongée venant au
contact de la narine pouvant venir en prise de ma-
niére étanche avec les orifices de patient.

Masque nasal selon la revendication 11, l'interface
universelle comprenant : un corps d’interface ayant
une paire espacée de passages respiratoires s’éten-
dant au travers et en communication fluidique avec
les ports de patient par une paire correspondante de
passages d’alimentation ;

chaque passage respiratoire comprenant un passa-
ge de patient congu pour alimenter en gaz le patient
et coupant un passage d’exhalation congu pour ex-
pulser le gaz du patient ;

chaque passage d’alimentation étant axialement ali-
gné avec un passage de patient correspondant et
congu de sorte a introduire du gaz sous pression en
son sein.

Masque nasal selon la revendication 11 :

I'interface universelle et le masque nasal étant
congus pour fournir une pression de voies res-
piratoires positive continue (CPAP) au patient ;
I'interface universelle étant congue pour fonc-
tionner a une pression d’alimentation ne dépas-
sant pas environ 117,68 mbar (120 cm d’'H20)
et fournir un débit maximal d’environ 12 litres
par minute.
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